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SYSTEM FOR MANAGING DATA OBJECTS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an on-screen graphical 
user interface, and database management . 

2. Related Art 

Digital cameras, mini disks, and other devices for 
recording and playing digital media are becoming quite 
popular. These devices store digital media as data objects in 
memories such as flash memories, hard disks, and on-line 
storage. 

There are many, methods available for managing large 
numbers of data objects. For example, data objects are 
frequently managed using windows and folders. United States 
Patent 5,917,488 describes a system for displaying and 
manipulating image data sets. First, a window including 
programmed groups is displayed. When a user selects one of 
the programmed groups, then a second window is displayed with 
thumbnails that represent data objects of the selected 
programmed group. 

Data objects are also handled in hierarchical lists, 
using static light-box metaphors. A light-box metaphor 
displays images in the manner of "slides" all the same size 
on a white background. The "slides" are arranged in a grid. 

There are methods known for selecting a format for 
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displaying data obj cts. For example. United States Pat nt No. 
5,673.429 describes a system that displays a list of 
different display formats. When the user selects a desired 
display format from the list, then items that match the 
selected format are pulled from a database and displayed in a 
list that depends on the selected display format. 

Memory is becoming available in increasingly large 
capacities, which enable storage of increasingly large 
numbers of data objects. For example, memory cards are 
available that are capable of storing data for several: 
hundred different digital photographs. However, conventional 
techniques, such as .windows, folders, and lists, have a 
problem in that they are insufficient for presenting such 
large numbers of data objects in a manner that a user can 
easily and quickly understand. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to solve 
the above-described problems, and to provide a method and 
device that allows a user to easily browse, view, manage, 
select, and command a large number of data objects. 

In order to achieve this objective, a device according 
to the present invention for managing data objects. Includes 
displaying means, defining means, moving means, and 
enable /disable means. 

The displaying means is for displaying thumbnails 
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representative of data objects. The defining means is for 
defining a focus region that indicates a focus thumbnail 
subject to processes. The moving means is for moving the 
displayed thumbnails along a predetermined path through the 
focus region. 

The enable/disable means is for selectively enabling 
and disabling the moving means. When the enable/disable 
means disables the moving means, then the displaying means 
statically displays a single thumbnail in the focus region. 
When the enable/disable means enables the moving means, then 
the displaying means displays the thumbnails to move along 
the predetermined path through the focus region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the invention will become more apparent from reading the 
following description of the embodiment taken in connection 
with the accompanying drawings In which: 

Fig. 1 is a schematic view showing a window display 
with thumbnails arranged in a line layout; 

Fig. 2 is a schematic view showing the window display 
with thumbnails arranged In a circle layout; 

Fig. 3 is a schematic view showing the window display 
with thumbnails arranged in a grid layout; 

Fig. 4 is a schematic view showing the window display 
with thumbnails arranged in a helix layout; 
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Fig. 5 Is a block diagram showing components of a 
computer and peripheral equipment for displaying the window 
display of Figs. 1 to 4; 

Fig. 6 is a block diagram showing functional modules 
the computer of Fig. 5; 

Fig. 7 is a flowchart representing overall processes 
for implementing the functional modules of Fig. 6; 

Fig. 8 is a flowchart representing processes for 
changing layout or order of thumbnails in the window 
display; 

Fig. 9 is a flowchart representing processes for 
taking a closer look at a focus thumbnail; 

Fig. 10 is a flowchart representing processes for 
performing further process on the focus thumbnail; 

Fig . 11 is a schematic view showing movement of a 
thumbnail representing a first-loaded data object; 

Fig. 12 is a schematic view showing movement of 
thumbnails as further data objects are loaded; 

Fig. 13 is a schematic view showing movement of 
thumbnails as further data objects are loaded; 

Fig. 14 is a schematic view showing movement of 
thumbnails as further data objects are loaded; 

Fig. 15 is a schematic view graphically representing 
pivoting movement of a thumbnail line in the line layout; 

Fig. 16 is a schematic view showing browsing motion of 
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a thumbnail grid in th grid layout; 

Fig. 17 is a schematic view showing browsing motion of 
a thumbnail helix in the helix layout; 

Fig. 18 is a schematic view showing motion of a 
thumbnail when a new order is selected; 

Fig. 19 is a schematic view showing the display window 
when a closer look is taken at the focus thumbnail; 

Fig. 20 is a graphical view for explaining the 
pivoting movement of the thumbnail line; 

Fig. 21 is a graphical view for explaining the form of 
the circle layout; 

Fig. 22 is a graphical view for explaining the form of 
the helix layout; 

Fig. 23 (a) is a schematic view showing displayed 
position of thumbnails before, during, and after the focus 
thumbnail Is changed; 

Fig. 23 (b) is a schematic view showing timing of 
change of the focus thumbnail; 

Fig. 24 is a flowchart showing operations for 
implementing movement of the thumbnails shown in Fig. 23 
(b); 

Fig. 25 is a view schematically showing determination 
of a new position for the newly selected thumbnail; 

Fig. 26 is a schematic view representing processes for 
displaying audio files visually as thumbnails; 
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Fig. 27 Is a schematic vl w showing thumbnails divided 
Into sections depending on the amount of data In 
corresponding audio files; 

Fig. 28 is a schematic view showing configuration of a 
CD-ROM; 

Fig, 29 is a schematic view showing configuration of a 
memory card; 

Fig. 30 is a schematic view showing thumbnails 
displayed according to the size of the corresponding data 
files ; 

Fig. 31 is a schematic view showing thumbnails 
displayed separated from each other depending on timing of 
the corresponding data files; and 

Fig. 32 is a schematic view showing thumbnails 
displayed in groups depending on the relationship of the 
corresponding data files. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

Next, a system according to an embodiment of the 
present invention will be described while referring to the 
accompanying drawings. The system is for managing data 
objects such as digital image files, digital audio files, 
text files, executable programs, program files, and movie 
files . 

As shown In Figs. 1 to 4, the system displays a window 
20 Including a thumbnail screen 21 and a layout /order 
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interface 22. Thumbnails 23, that represent a variety of 
data objects, are displayed in the screen 21. As shown in 
Figs. 1 and 3, each of the thumbnails 23 includes an image 
that is the essence of the corresponding data object . The 
thumbnails shown in all other drawings Include similar 
images, but the images have been omitted from the drawings 
to facilitate explanation. 

The thumbnails 23 can be displayed in any of four 
different graphical display layouts: a line layout as shown 
in Fig. 1, a circle layout as shown in Fig. 2, a grid layout 
as shown in Fig. 3, and a helix layout as shown in Fig. 4. 
As will be described .in detail below, the layouts use the X 
and Y dimensions and scale to layout thumbnails that 
represent various data objects. 

As shown in Fig. 1, a focus outline 24 surrounds the 
center-most, or focus, thumbnail 25 in the thumbnail screen 
21. The focus outline 24 indicates that the focus thumbnail 
25 is currently the focus of any operations initiated by 
input from the user. For example, when input is received for 
browsing through the thumbnails 23, the thumbnails 23 are 
dynamically scrolled across the screen through the focus 
outline 24, following a path P according to the presently 
implemented layout as Indicated by arrows P in Figs. 1, 2, 16, 
and 17. In this way, the user's attention can be selectively 
drawn to particular ones of the thumbnails 23 by dynamically 
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moving the thumbnails 23 through the single screen 21, 
rather than by using multipl windows in the conventional 
manner. The single screen 21 is advantageous over multiple 
windows, because the single screen 21 gives the user a 
primary focus and a single unified context as he or she 
manipulates the thumbnails 23, which represent data objects. 
As will be described in detail below, the thumbnails 23 are 
moved by panning, scrolling, and zooming in the screen 21 to 
change the degrees of focus placed on the thumbnails 23. 

An information tab 26 is displayed within the focus 
outline 24 at a position below the focus thumbnail 25. The 
information tab 26 includes further information about the 
focus thumbnail 25 such as a file name, date, size, and file 
type of the data object that corresponds to the focus 
thumbnail 25. 

The layout/order interface 22 is displayed at the 
bottom of the screen 21 below the display of the thumbnails 
23, and Includes a layout Interface 27 and an order Interface 
28. The layout interface 27 Includes icons 27a to 27b 
representing each of the four different layouts. The user 
can select a desired display layout by selecting the 
corresponding icon 27a to 27d, using a mouse and cursor for 
example. The icon 27a to 27d that represents the presently 
selected layout is displayed near the center of the 
layout /order interface 22 to indicate the presently selected 
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layout. The selected Icon can also be changed by clicking on 
th center Icon, or by clicking on an icon 27e. With each 
click, the icons 27a to 27d switch places with the selected 
Icon one after another in order. The graphical icons 27a to 
27d allows a user to select a display layout with more 
confidence that when selecting by using a list. 

The order interface 28 is for selecting one of four 
different sequence orders that determined arrangement of the 
thumbnails 23 in the selected layout. The four orders 
Include: name of data object, type of data object, size of 
the data file, and time the file was stored. The order 
interface 28 is displayed at the right bottom of the screen, 
and Includes words 28a to 28d that represent each of the 
four different order types. The word, name 28a in this 
example, that represents the selected order is displayed near 
the center of the layout/order Interface 22. The selected 
icon can be changed by either clicking on a desired word, or 
by clicking on an icon 28e. 

Here, a more detailed description of the four layouts 
will be provided. As shown in Fig. 1, in the line layout, the 
thumbnails 23 sure aligned in a slightly overlapping manner in 
a single continuous angled line. File names 31 for the data 
objects are displayed in a separate angled line that 
intersects the angled thumbnail line. The line layout has a 
clear beginning and end, so the user can easily grasp the 
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number of data objects. 

As shown in Figs . 2 and 16 , the circle layout 
consists of slightly overlapping thumbnails 23 in an arc of 
a circular ring. Filenames 31 corresponding to the 
thumbnails 23 appear in an arc of a second ring that is 
symmetric to, but inverse from the thumbnail arc. Although 
not shown in the drawings , when there are only a few 
thumbnails in the circle layout, the entire circular ring of 
thumbnails is displayed in the screen 21. At this time, 
filenames are displayed in a circle below the thumbnail 
circle. However, the ring enlarges as the number of 
thumbnails Increases,, until a portion of the thumbnail ring 
can not be displayed. When the ring contains thumbnails up 
to a certain number, then the radius of the arc Increases as 
the size of the ring Increases. However, once a certain 
number of thumbnails 23 is exceeded, so that the ring 
reaches a certain size, then only an arc having a 
predetermined radius is displayed as shown in Fig. 2. The 
radius of the arc is fixed regardless of how many thumbnails 
23 are in the ring, because if the radius were varied 
according to the number of thumbnails 23 in the ring, then 
the displayed arc would appear linear when the ring contains 
a large number of thumbnails 23. 

As shown in Fig. 4, in the grid layout, the thumbnails 
23 are aligned vertically and horizontally, that is, with 
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fixed mutual position in horizontally- extending rows and 
vertically- extending columns. The number of thumbnails in the 
rows of the grid layout is determined by how many thumbnails 
23 if aligned side by side, can be displayed completely on 
the screen. In the example shown in Fig. 4, five thumbnails 
23 are disposed side by side in each horizontal row, because 
in this example complete rows of five thumbnails 23 can be 
displayed in the screen 21 without the thumbnails in the rows 
overlapping. Any further thumbnails are added by increasing 
the number of rows, that is, by adding the thumbnails to 
elongate the columns. It should be noted that rows with more 
or less than five thumbnails might be desirable, depending on 
the displaying conditions. The thumbnails 23 contact each 
other on lateral sides, but have a space between top and 
bottom sides. The file names 31 appear below each 
corresponding thumbnail 23. The grid layout displays more 
complete rows of thumbnails 23, without the thumbnails 
overlapping, than any of the other layouts. 

As shown in Fig. 4 , the thumbnails 23 in the helix 
layout are displayed in the screen 21 in different scales to 
give the illusion of viewing a three-dimensional helix from 
the side. That is, thumbnails 23a at the far side of the 
helix are displayed In a smaller scale than thumbnails 23b at 
the near side of the helix. The helix shape Includes rings 
35a to 35c of thumbnails 23. Each ring 35a, 35b, 35c Includes 
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about ten thumbnails 23. Th helix layout shows a large 
number of thumbnails at the same time, while maintaining the 
benefits of a line configuration. 

Next, configuration of the file management system for 
displaying the window 20 will be explained, along with 
further explanation of various features of the file 
management system. As shown in Fig. 1, the file management 
system includes a computer 1, a memory card 2, a display 3, 
and a user input unit 4. 

The memory card 2 can be any memory card, such as a 
Memory Stick™, a SmartMedia™ memory card, or a Compact 
Flash™ memory card. The memory card 2 stores data files for 
a large number of photographs, songs, or any other type of 
data objects. The other modules of the system can write data 
objects into, or read data objects from, the memory card 2. 
The user input unit 4 can be any user Interface for inputting 
commands and the like, such as a keyboard, a jog-dial, a game 
controller, or an on-screen unit such as a mouse or a pen. 

The computer 1 Includes a slot 2a for insertion of the 
memory card 2, a memory card interface 10, a CPU 11, a ROM 12, 
a RAM 13, a hard disk 14, a user Interface 15, a display 
interface 16, and a network interface 17, all connected 
together by a bus 16. The user Interface 15 is connected to 
the user input unit 4. The display interface 16 is connected 
to the display 3. The network interface 17 is connected to a 
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network 5. 

Fig. 2 shows functional modules of the computer 1. As 
shown the computer 1 Includes a file manager 11, a 
layout/order manager 12, a search manager 13, a program 
manager 14, and a layout/order template stock 15. The 
functional modules are realized by application software 
stored in the hard disk 14, or retrieved over the network 5. 

The file manager 11 reads data objects from the memory 
card 2 and stores them in memory, such as the RAM 13. 

The layout/order template stock 15 is memory, such as 
the hard disk 14, that holds a layout /out template for each 
combination of the four layouts and the four orders. Each 
layout/order template contains two primary rule sets for the 
corresponding layout, one set of rules for setting relative 
positions of thumbnails 23 and another set of rules for 
movement of thumbnails 23. 

Although rules in the layout /order templates will be 
described later, with respect to relative position of 
thumbnails, a layout/order template for the grid layout 
Includes layout rules that indicate that each thumbnail 
should be positioned immediately to the right of the 
preceding thumbnail, unless the thumbnail is sixth in a 
thumbnail sequence. If the thumbnail is sixth in the sequence, 
then the thumbnail should be positioned underneath the first 
image in the sequence in order to begin a new sequence, that 
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Is, to start a new row in the grid. The templates for the 
line, circle, and helix layouts Indicate that the thumbnails 
should be aligned in line, circle, and helix patterns, 
respectively . 

With respect to rule for movement of the thumbnails, 
the grid template also Includes rules defining that the 
thumbnails in the grid layout move as shown in Fig. 16 when 
the user browses through the thumbnails in a manner to be 
described below. The templates for the line, circle, and 
helix layouts Indicate that the thumbnails should be move 
following linear, circular, and spiraling paths, respectively. 

The program manager 14 reads a layout/order template 
from the layout/order template stock 15 for the presently 
selected layout and order. The program manager 14 writes the 
template into the file manager 11 to apply the template to 
the data objects stored by the file manager 11. The program 
manager 14 reads templates from the layout/order template 
stock 15 and writes them in the file manager 11 each time the 
layout or order is changed, because only one set of display 
rules needs to be in active memory at any one time. 

The layout /order manager 12 reads Information about the 
data objects in the file manager 11, and draws the 
corresponding thumbnails 23 accordingly in the presently 
selected layout. The file layout/order manager 12 controls 
the display 2 to display the thumbnails accordingly. 

14 
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The search engin 13 enables a user to search for data 
objects based on Inputted search criteria. Th search engine 
13 incrementally writes the criteria in the file manager 11. 
The display 3 changes the screen 21 to display only 
thumbnails of data objects that satisfy the search criteria. 
The search engine 13 supports key words and file attributes, 
such as date, size, color. 

Here, operations of the computer 1 will be described 
while referring to the flowcharts in Figs. 7 to 10. In SI, 
the operating system of the computer 1 recognizes the memory 
card 2 when the memory card 2 Is Inserted into the slot 2a. 
As a result, the operating system launches an executable 
application for performing the functions of the file manager 
11, the layout/order manager 12, and the other function 
modules in Fig. 6. The executable application can be either 
retrieved for this purpose from where it is stored in the 
hard disk 14, or downloaded from over the network 5, for 
example. In S2, the file manager 11 judges whether the memory 
card 2 stores any data objects. If not (S2:NO), then the 
application is ended here. 

On the other hand, if the memory card 2 stores data 
objects (S2:YES), then in S3 the file manager 11 loads the 
data objects from the memory card 2 one at a time into the 
RAM 13. In S4, the program manager 14 determines the 
presently selected layout and order for display of thumbnails 
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to represent the data objects. In the present example, the 
line layout is set as the default layout, and file name is 
set as the default order. The program manager 14 then pulls 
the appropriate layout /order template from the layout /order 
template stock 15 and stores the layout/order template in the 
RAM 12. The program manager 14 writes the template on the 
file manager 11, thereby applying the template to each data 
object in the file manager 11. 

In S5, the file layout/order manager 12 draws a data 
view for the thumbnails 23 according to the presently 
selected layout and order, and controls the display 2 to 
display the thumbnails accordingly. 

Each thumbnail 23 is displayed as soon as retrieved by 
the file manager 11, and during the loading process the 
thumbnails are dynamically arranged on the screen according 
to the presently selected layout. That is, as shown in Fig. 
11, a thumbnail 23c of the first-loaded data object is 
displayed at the upper left corner of the screen 21 and then 
moved to the center of the screen 21. The focus outline 24 is 
displayed surrounding the thumbnail 23c in a size that 
matches the dimensions of the thumbnail 23c. 

As shown in Fig. 12, a thumbnail 23d of the second- 
loaded data object is similarly displayed at the upper left 
corner and then moved to the center of the screen 21. At this 
time, the first thumbnail 23c moves slightly to the lower 
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left of center. Once the thumbnail 23d Is centered In the 
screen 21 , it is displayed surrounded by the focus outline 24 
to indicate that the thumbnail 23d is the currently selected 
thumbnail. In this way, the center thumbnail is always 
designated as the focus of user input. As shown in Figs. 13 
and 14, this process continues until all the data objects 
have been loaded from the memory card 2 into the file manager 
11. The user need not wait for all data objects to be loaded, 
but can begin browsing through the thumbnails while the 
remaining data objects are being loaded. 

During and after the loading process, the layout/order 
manager 12 controls the display 3 to move the thumbnails in 
the line layout dynamically with a reciprocal pivoting motion, 
based on the oscillation of a pendulum. The center of the 
focus thumbnail 25 serves as the unmovlng axis of the 
pivoting movement. In Fig. 15, the positions of thumbnails 
while at one extreme of the pivoting motion are Indicated in 
solid line and the positions of thumbnails while at the other 
extreme are Indicated in dotted line. The reciprocal pivoting 
motion exposes most or all of each thumbnail over a short 
period of time, so that the viewer can gain a better grasp of 
each displayed thumbnail. For example, as the thumbnail line 
swings back and forth, lower right and left sections 23f, 
23f " of a thumbnail 23f are alternately exposed. It should be 
noted that all the other layouts except the grid layout also 
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move dynamically to reveal most or all of ach thumbnail in 
time. 

This movement of the thumbnail layout also Informs the 
user that the thumbnail can be interacted with in a dynamic 
manner. For example, the user can choose to change the layout 
or order of the thumbnails (S6), to look closer at the data 
object that is presently selected (S7), or to browse through 
the thumbnails ( S8 ) . 

If the user wishes to browse through the thumbnails 
(S8:YES), then in S9 the program manager 14 receives browsing 
input from the user. In S10, the layout/order manager 12 
controls the display .3 to adjust how the thumbnails 23 are 
displayed, according to the browsing input from the user. In 
Sll, the layout/order manager 12 continuously adjusts display 
screen of the display 3 as long as input is received from the 
user. Once the user stops providing browsing input (Sll: NO), 
then the routine returns to S6. 

When the browsing input is singular in nature, such as 
from pressing an arrow key on a keyboard once, then this 
indicates that the user wishes to change the selected 
thumbnail 25 to the thumbnail adjacent to the current 
selected thumbnail, that is, the thumbnail either prior or 
subsequent to the center thumbnail in the displayed thumbnail 
train. As a result, the layout /order manager 12 controls the 
display 3 to smoothly shift the thumbnail in the thumbnail 
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train one position in the direction that moves the indicated 
adjacent thumbnail to the center of the screen. Although the 
focus outline 24 remains generally at the center of the 
screen 21, it can also be moved slightly toward the adjacent 
thumbnail as the adjacent thumbnail is shifted toward center, 
to further Increase the smooth flowing movement of the 
displayed layout. 

When the browsing input is continuous in nature, such 
as when the user continuously holds down an arrow key, then 
the layout /order manager 12 controls the display 3 to 
continuously stream the thumbnails train through the focus 
outline 24 on the screen 21. This enables the user to browse 
through the thumbnails of all the loaded data objects, even 
when the memory card 2 stores a great number of data objects, 
so that not all thumbnails can be displayed on the display 3 
at the same time. 

In the case of the circle layout, the displayed circle 
of thumbnails rotates so that the thumbnails 23 in the loop 
move through the focus outline 24. This allows the user to 
browse in a circular manner. The user does not have to be 
conscious of the beginning or end because they are linked. 
As mentioned above, when the ring can Include a large number 
of thumbnail, then only a portion of the thumbnails are 
displayed at one time in an arc as shown in Fig. 2. In this 
case, the displayed thumbnails 23 are sequentially moved on 
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and off the display during the browsing operation, thereby 
constantly changing the thumbnails presently being displayed. 

In the case of the grid layout, all the thumbnails 23 
remain in the same position with respect to each other during 
the browsing operation. When the user input indicates 
horizontal scroll, then as shown in Fig* 16 the entire grid 
is moved in a zigzag pattern across the screen 21 as 
indicated by arrow P. Although the grid is actually 
configured with the same or smaller width than the screen 21, 
the width of the grid is shown larger than the width of the 
screen 21 in Fig. 21 to facilitate understanding. This moves 
the thumbnails 23 of separate rows through the focus outline 
24 in a flowing motion. Rows are followed one after the other 
In succession starting from the same end of each successive 
row. As with the line layout, the focus outline 24 moves 
slightly to meet the next thumbnail in the train. When the 
user input indicates horizontal scroll, the thumbnails 23 in 
the column that Includes the focus thumbnail 25 are moved 
through the focus outline 24 one at a time. Because the 
horizontal dimension of the grid Is set to a number 
thumbnails that can be displayed all at one time, that is, to 
five thumbnails in the present embodiment, browsing is 
simpler for the user, because he needs to think basically in 
a single dimension, rather than In two dimensions as would be 
the case if the grid were made larger in the horizontal 
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direction. As a result, the user browses mainly In th 
vertical direction during the grid layout. 

In the case of the helix layout, when the user input 
Indicates horizontal scroll, the helix spirals vertically in 
order to move the thumbnails 23 through the focus outline 24. 
The amount that the helix screwlngly rotates depends on the 
number of thumbnails 23 scrolled. When more than a few 
thumbnails are scrolled in succession, then as shown in Fig. 
17 the rotating helix is displayed In a contracted shape by 
reducing the radius of the helix and the inter- thumbnail 
distance, while the thumbnails 23 flow through the focus 
outline 24. When the continuous browsing input continues for 
longer than a certain duration of time, then the speed at 
which the thumbnails 23 move is accelerated. At this time, 
the display of the thumbnails 23 Is adjusted to match the 
browsing speed. For example, the helix of the helix layout is 
displayed to contract with increase in browsing speed and 
expand with decrease in browsing speed. This visual change 
Increases the user's awareness that the browsing speed has 
changed. The display of the circle layout is similarly 
contracted and expanded based on the duration and speed of 
browsing. 

Returning to Fig. 4, when the user input Indicates 
vertical scroll through the helix, the entire helix is 
shifted vertically by one pitch D, that is, by one inter-ring 
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dlstanc , without rotating. As a r suit, the present focus 
thumbnail 25 is shifted out of the focus outline 24, and the 
largest -scale thumbnail of the upper or lower adjacent ring, 
depending on the direction of scroll, is shifted into the 
focus outline 24. In the example shown in Fig. 4, when the 
user input is for moving the vertically by a single thumbnail, 
the helix is shifted downward by one pitch D so that the 
thumbnail 25* of the ring 35b shifts out of the focus outline 
24 and the thumbnail 25" of ring 35a shifts into the focus 
outline 24. Because jumping to an adjacent ring In this way 
skips over the interposing ten thumbnails, the user can 
browse through more thumbnails much more rapidly than in the 
other layouts. Furthermore, with each jump, the ten 
thumbnails of another ring are brought into the range of the 
screen 21 . 

When the user wishes to change the layout or order of 
the thumbnails (S6:YES), then the routine proceeds to S20 of 
the flowchart of Fig. 8. In S20, the layout or order selected 
by the user Is determined. In S21, the program manager 14 
determines the rules for the newly selected layout or order, 
and pulls out the appropriate template from the layout/order 
template stock 15. In S22, the program manager 14 applies the 
template to the data objects in the file manager 11. In S23, 
the layout/order manager 12 creates a new display view, and 
controls the display 3 accordingly. 
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When the processes In S21 to S22 cure p rformed to 
implement a new layout, the Icon that represents the selected 
layout Is shifted rightward to near the center bottom of the 
screen to indicate its selected condition. The icon of the 
preceding selected layout shifts leftward to the side to Join 
the icons of the other non-selected layouts. This enables a 
user to easily know when he properly selected a layout icon. 
At the same time, the thumbnails 23 are repositioned from the 
preceding layout into the newly selected one. 

For example, while the thumbnails 23 are being 
displayed in the line layout as shown in Fig 1, when the 
user input indicates- selection of the circle layout, the 
line layout icon 27d and the circle layout icon 27a move 
leftward and rightward respectively to switch positions, and 
the thumbnails 23 move into the circle layout, resulting in 
the display shown in Fig. 2. The actual movement of the 
icons is displayed. Also, actual movement is shown of the 
thumbnails from positions of the line layout into positions 
of the newly selected circle layout . This enables the user to 
know that the newly selected layout was properly implemented. 

When the processes in S21 to S22 are performed to 
implement a new order, then in a manner similar to 
Implementation of a new layout, the word that represents the 
newly selected order is shifted leftward to near the center 
bottom of the screen to indicate its selected condition. The 
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word of the prec ding selected order shifts rlghtward to the 
side to join the words of the other non-selected orders. At 
the same time, the thumbnails 23 are repositioned from the 
sequence of the preceding order into the sequence of the 
newly selected order. 

In the example shown in Fig. 18, the user selects the 
type word 28b while the thumbnails 23 are being displayed in 
name order. In the shown example, all of the thumbnails 23 
are the same type except for a thumbnail 23g, which 
represents a music file Instead of an image file like the 
rest of the thumbnails 23. When type is selected for the 
order, then the thumbnail 23g falls out of line and shifts to 
the lead position of the line. The previous lead thumbnail 
23h and other intervening thumbnails 231 all shift back one 
inter- thumbnail distance to restore order to the line. Actual 
movement of the thumbnails is shown from positions of the 
preceding order into positions of the newly selected order to 
enable the user to know for certain that the change In order 
was successful. 

A user can get a closer look at a desired thumbnail by 
increasing the scale of the thumbnail in the focus outline 
24 to a larger scale. When the user wishes to look closer at 
the data object that is presently selected (S7:YES), then the 
routine proceeds to S30 of the flowchart of Fig. 9. In S30, 
input is received from the return key of the keyboard or 
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equivalent Input unit to indicate that the focus thumbnail 25 
is s 1 cted. Then, as a result of S31 to 33, the screen 
appears as shown in Fig. 19. That is, in S31 the layout 
manager 12 Increases the scale of the focus thumbnail 25 in 
the focus outline 24 to a larger scale. In S32, the program 
manager 14 disables the layout and order Interfaces 27, 28 at 
the bottom of the screen 21, and in S33 enables a command 
interface 40 including icons 40a to 40c, which represent 
various application launchers. Arrows 40d are also displayed 
for indicating the icon of the application that will be 
launched when a command is received from the user. The user 
can change location- of the arrows 40d by performing 
horizontal scroll operations. If the focus thumbnail 25 
represents an audio file, then the program manager 14 plays 
the audio file when the focus thumbnail 25 is selected. If 
the focus thumbnail 25 represents a movie file, then the 
program manager 14 plays the movie when the focus thumbnail 
25 is selected. 

Next in S34, the user has the opportunity to use the 
command Interface 40 to perform a variety of different 
processes on the selected data object. If the user does not 
wish to process the selected data object (S34:NO), then in 
S35 user input to this effect is received, such as from the 
user again pressing the return key while the arrows 40d 
surround all of the icons 40a to 40c, which Indicates that no 
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particular application has be n selected. In S36, the 
layout/order manager 12 r duces the thumbnail 25 back to the 
original small scale. Then the flow returns to S6 or S30. 

On the other hand, if the user wishes to process the 
selected data object (S34:YES), then the flow proceeds to S40 
shown in the flowchart of Fig. 10. In S40, the user selects 
what process he wishes to perform on the selected data object. 
For example, the user can select to launch an application 
relating to the selected data object, to edit the data object 
using an edit Interface, or to bookmark the data object using 
a bookmark interface. When the user chooses to launch an 
application, then in S41 the user selects the desired 
application. In S42, the program manager 14 accesses the 
operating system and launches the selected application. In 
S43, the file manager 11 transfers the selected data object 
to the launched application. In S44, the layout/order manager 
12 reduces size of the focus thumbnail 25 to the original 
scale. In S45, the program manager 14 moves the launched 
application to the front. If the launched application is the 
one the user desired (S46:YES), the in S47 the user uses the 
new application and this flow is ended. If not (S46:NO), then 
the flow returns to point S6. 

When the application is closed, before completely 
stopping display of the thumbnails, the thumbnails are shown 
scattering off the screen, to stress that the application has 
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been t zminated. 

Her , th layout/order templates for determining mutual 
position and movement of thumbnails In each layout will be 
described In more detail. The layout manager 14 also Includes 
Information for defining the focus outline 24 at a position 
at or near the center of the screen 21. In templates for all 
layouts, the inter- thumbnail distance is set to a constant 
value of 64 pixels on the screen 21. 

With respect to the line layout, the thumbnails are 
aligned on a line separated by 64 pixels. The line extends to 
a length L, which equals the number n of thumbnails times the 
constant 64 pixels (L-64n). 

The content of the layout /order template for producing 
the reciprocal pivoting motion of the thumbnail line will be 
described with reference to Fig. 20. It should be noted than 
the pivoting movement of the line layout continues even 
during browsing. The center of thumbnails and the center of 
filenames are aligned on different ones of lines 1 and 2, 
separated from each other by the distance 64 pixels. The 
lines 1 and 2 are shown in Fig. 20 at the extremes of the 
reciprocal pivoting movement. Movement of the lines 1 and 2 
are defined using the following formulas: 

Line 1 y - sin(— t)(y - c 0 ) + c x 
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Jt 

Line 2 y » - sin(— t) (y - c 0 ) + c x 

wherein x and y are coordinates on the display screen 21; 
t Is time In seconds; and 

c 0 and Ci are the coordinates at the center of the 
screen 21. 

In the example of Fig. 20, c 0 represents the distance 
from the top of screen 21 to the center of the screen, and Ci 
represents the distance from the right side of the screen 21 
to the center of the screen. Angle 6 shown in Fig. 20 is 
determined using the following formula: 

' e-it 

2 

The template for the circle layout will be explained 
with reference to Fig. 21. The radius r of the thumbnail and 
file name circles is determined based on the following 
formula: 

64n 

r *» 

2n 

The center of the thumbnail circle Is determined based 
on the following formula: 

( Xcijpcioi , Ycircie 1 ) = (Xcenti Ycent*r-64 ) 

The center of filename circle is determined based on 
the following formula: 

( Xclrole2 # Yolrolo 2)= (Xcont # Y cent +r+64 ) 
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The position of ach thumbnail in the thumbnail circle 
Is det rmined based on the following formula: 

( x u'Yx±> - ( x circxei + r sin(— 1) , y olrolel + r cos (— i) ) 

n n 

The position of each file name in the file name circle 
is determined based on the following formula: 

(x^, Yii) = (x olrtJloa + r sin(— i) , y cirole2 - r cos (— i) ) 

n n 

Here, the template for displaying the helix layout will 
be explained with reference to Fig. 22. The x, y, and z 
coordinates of each thumbnail in the helix are determined 
based on the following formulas: 

2k r 
*± - x cent + r sin(— J) - — j 

r 

Y± ™ Ycent + J 

z ± • r - r cos (— J) 

wherein 1 is a thumbnail number representing a target 
thumbnail of all the thumbnails. For example, to determine 
the position of a second thumbnail in the thumbnail train, 
the value of i is set to two. The value of j is determined by 
subtracting n from i (j=i-n), wherein n is the thumbnail 
number of the focus thumbnail. For example, if the target 
thumbnail is the focus thumbnail, then j would equal zero. 
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The scale of each thumbnail 23 Is determined bas d on Its Z- 
axls coordinate. 

Next, content of the templates for determining slide 
movement during browsing will be explained while referring to 
Figs • 23 (a) to 25 . The example will be given for the 
situation shown in Fig. 23 (b), wherein four thumbnails 231 
to 234 are arranged in the line layout. The thumbnail 233 is 
the present focus thumbnail 25 as Indicated in box a. 

When the user Input indicates to change the focus 
thumbnail to the next higher in the thumbnail line, that is, 
to the thumbnail 232, then the layout/order manager 12 sets 
target positions D± for the thumbnails 231 to 234 based on 
the thumbnail 232 being centered in the screen as the focus 
thumbnail 25 as shown in box b of Fig. 23 (b). By comparing 
boxes b in Figs. 23 (a) and 23 (b). It can be seen that the 
newly set target positions D t of the thumbnails 231 to 234 
are different from the present positions St. Therefore, the 
layout /order manager 12 gradually changes display of the 
thumbnails 23 as can be seen by comparing boxes c in Figs. 23 
(a) and 23 (b) , until the target positions Di match the 
actual positions S± of the thumbnails 231 to 234 as shown In 
boxes d of Figs. 23 (a) and 23 (b). 

Next, a routine performed by the program manager 14 for 
changing the display of thumbnails in this manner will be 
described while referring to the flowchart in Fig. 24. This 
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routine Is performed each time th screen Is updated. The 
screen is updated at a fixed interval of 30 times per second. 
First in S50, the focus thumbnail 25 is changed by input from 
the user. It should be noted that if no input is received 
from the user to change the focus thumbnail 25, then this 
routine Is ended here. Then in S51, a thumbnail number i in a 
counter Is set to one. The thumbnail number 1 indicates a 
present thumbnail under consideration. 

In S52, the target position Di of the 1th thumbnail is 
set based on the new focus thumbnail selected In S50. It 
should be noted that the target position D ± is also set based 
on the present layout. For example. If the present layout Is 
the helix layout, then the target position D A will be a 
position somewhere on the helix shape defined by the helix 
layout template. This is true for all the layouts. 

In S53, a new position Sm flV for the ith thumbnail is 
calculated based on the 1th thumbnail's present position 
Sipresont and the target position Di. The new position Sinew is 
determined based on the following formula: 

Sinew = Sipresent + ( ( Di " Si preS ont ) / 5 ) 

That is, as shown in Fig. 25, the distance between the 
ith thumbnail's present position S± pM&nt and the target 
position Di is divided into five segments. The new position 
Sinew is set to a position one fifth the distance from the 
present position S lpr esent- 
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Then, in S54 the thumbnail number i is increm nted by 
one to change focus of the routine to the next thumbnail in 
the thumbnail train. Once the routine has been performed for 
all the thumbnails in the thumbnail train (S55:YES). then 
this routine Is ended. 

As a result of repeated runs of this routine , the 
thumbnails will eventually reach their target positions. 
Because of the process in S53, the thumbnails will move 
quickly at first, and then reduce speed as they approach 
their new target positions in a type of movement commonly 
referred to as "easing in." This gives the effect that the 
thumbnails settle into their new target positions. 

As mentioned above, the focus outline 24 moves slightly 
to greet the next thumbnail in the thumbnail train during 
browsing operations. The templates Include information for 
displaying this motion. 

Figs. 26 and 27 show an example of how thumbnails that 
represent audio files are visually displayed based on size 
and content of the audio files. As shown in Fig. 26, a music 
file 54 includes file information 54a and music data 54b. 
The file information 54a includes title of the song, the 
artist's name, and the playing time. To produce a thumbnail 
for the music file 54, first a portion of the music data is 
retrieved. The amount of data retrieved at this time depends 
on the size of the music file, that is, if the music file is 
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large, then a great deal of data Is retrieved. The retrieved 
data Is divided Into sections. In the present example. It 
will be assumed that the retrieved data Is divided Into 300 
sections. Each section has three 16-bit sets. In the example 
of Fig. 26 one representative section has the three 16 -bit 
sets of Of 7e 57 in hexadecimal notation. The 16-bit sets in 
each section are used to define one of 256 possible color 
gradations for each of red, green, and blue colors. In the 
example of Fig. 26, the 16-bit sets of Of, 7e, and 57 are 
used to determined gradations of red, green, and blue 
respectively. 

The thumbnail for the audio file is divided into the 
same number of sections as the retrieved music data, that is, 
into 300 sections in this example, by dividing a thumbnail 
Into 300 sections (15 x 20). The color gradations determined 
by the three 16 -bit sets of each section are used to display 
color in the corresponding section of the thumbnail as shown 
in the second square from the top in Fig. 26. Once RGB 
values for all sections of the display have been determined, 
then borders between display sections are blurred as shown 
in the third square from the top in Fig. 26. Then various 
file information is superimposed in capital letters over the 
blurred Image as shown in the bottom square in Fig. 26. 

As shown in Fig. 27, the number of display sections is 
Increased or decreased depending on the size of the 
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corresponding data file. That Is, thumbnails for large data 
files are display d with many sections, and thumbnails for 
small data files are displayed with few sections. 

While the invention has been described in detail with 
reference to specific embodiments thereof, it would be 
apparent to those skilled in the art that various changes and 
modifications may be made therein without departing from the 
spirit of the invention, the scope of which is defined by the 
attached claims. 

For example, the embodiment described data objects 
being loaded from a memory card Into a computer. However, the 
memory card can be replaced by any local storage device, such 
as flash memory, recordable media, hard disk, or CD-ROM. 
Alternatively, data objects can be provided over a networked 
server, or from any combination of local memories and 
networks . 

Further, data objects could be transferred via a 
network protocol by using a standalone application or browser 
applet. Such a configuration could be used as an on-line 
multimedia photo album, wherein a user uploads data-objects 
to a server, and others browse the data-objects from remote 
terminals. Alternately, the user's computer Itself could be 
used as a server. 

When the data objects are provided from a CD-ROM, then 
in this case also the data objects can be loaded from the CD- 
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ROM into th file manag r automatically upon insertion of the 
CD-ROM into the computer. However, as shown in Fig. 28, all 
executable applications, such as for performing the loading 
operation, for displaying the thumbnail according to the 
selected layout, and changing display of the thumbnail and 
graphical icons when a different layout is selected, must be 
provided on the CD-ROM. 

This contrast to the case of a memory card. As shown 
in Fig. 29, execu tables are provided in the computer's hard 
disk or over a network. Use of a memory card is preferable 
because the executables can be used with many different data 
files, not just those on the memory card. Also, the 
executables can be upgraded Independently of the data files . 
Further, although an application run from either a CD-ROM or 
a memory card becomes the front-most application, other 
applications are Inaccessible in the case of CD-ROM, but are 
accessible in the case of memory card. 

Although the embodiment describes launching an 
application in S41 for a single data object, em application 
could be launched for more than one data object. For example, 
the user can bookmark several thumbnails using the bookmark 
Interface, and then launch the application for all of the 
book marked thumbnails. 

The layout Interface 27 uses icons to represent 
layouts , and the order interface 28 uses words to represent 
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orders. However, any indicia can be used to r present 
layouts and orders. 

Although the embodiment described layouts and orders 
as being predetermined, the computer could be modified to 
enable a user to define new layouts and orders. New layouts 
can be defined using a visual programming function that a 
user uses to position and size a series of thumbnails or 
other data object representatives in a repeatable pattern. 
Such new layouts can be shared and distributed through a 
plug-in architecture. New orders can be defined by the user 
simply adding a new file attribute to the list of order 
parameters. Search criteria could also be stored and used as 
order parameters. 

In the embodiment, thumbnails and the overall layout 
are displayed in the same manner regardless of the selected 
order. However, the thumbnails and layout could be displayed 
in a manner dependent on the selected order. For example, 
when file size is chosen as the order, then as shown in Fig. 
30 each thumbnail can be displayed in a size relative to the 
overall range of sizes for the data objects. In two- 
dimensional layouts, such as the grid, line, and circle 
layout, the thumbnail need only be scaled in X and Y 
directions. However, since scaling is used as a part of 
three dimensional layouts, that is, the helix layout, a 
thumbnail's relative size can be represented by adding 
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isometric dimensionality or "thickness" to the thumbnail. 

Wh n time is chosen as the order, the sequence or 
pattern of how thumbnails are displayed can be varied based 
on how close together the data objects are in time. For 
example, the time between two data objects can be 
represented by varying the space between two thumbnail. In 
the example shown in Fig. 31, data objects represented by 
thumbnails 23m and 23n are separated by a relatively short 
time, so the thumbnails 23m and 23n are displayed separated 
by a relatively short distance SD. Data objects represented 
by thumbnails 23o and 23p are separated by a relatively long 
time, so the thumbnails 23o and 23p are displayed separated 
by a relatively long distance LD. 

Alternately, thumbnails can be grouped together, and 
the groups separated from each other, as shown In Fig. 31 
depending on how close in time the thumbnails are. For 
example. If a collection of Images were taken, or a set of 
files were created, all within a certain time span, then the 
images or files from that time span can be grouped together, 
and separated from other groups when there is a significant 
time gap between the Images or files of other groups. In the 
example shown in Fig. 32, digital photos that are taken less 
than 15 minutes apart are placed In the same group, and 
different groups are displayed encompassed by lines 55a to 
55d. That is, photos taken more than 15 minutes apart are 
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put Into a s parate groups. Such groups could alternately be 
Indicated using diff rent colors or text labels. 

A more sophisticated algorithm can take Into account 
overall Image taking frequency, total elapsed time, and 
Image criteria to adjust the groupings dynamically. Examples 
of how image taking frequency, total elapsed time, and image 
criteria can be used to adjust grouping will be given for 
the situation of taking Images with a digital camera. 

Image taking frequency can be measured by determining 
the time intervals between all Images taken, finding the 
average interval, and comparing each time interval with the 
average interval. Whether images have a time interval 
greater or less than average can be used as a weighting 
factor for determining whether or not thumbnails should be 
displayed in different groups. 

Total elapsed time refers to the entire duration of 
time from when the first image was taken to when the last 
image was taken. The standard time difference used to 
determine what thumbnails are grouped together can be varied 
depending on the elapsed time. For example. If only an hour 
has elapsed since the first image was taken, then the 
standard time difference might be set to ten minutes. 
However, if 10 hours has elapsed, then the standard time 
difference might be set to one hour. 

Image criteria refers to using certain criteria, such 

38 



3 8 



ffil£# 2001-3012347 



#2 000-121298 



as brightness 1 vel, color, and pattern recognition of 
images, to determine whether images should be grouped 
together or not. Each image is analyzed for certain criteria, 
and thumbnails for . images sharing the same characteristics 
are grouped together. 

Any dynamic element, such as icons, can be used 
Instead of thumbnails to represent the data objects. 
However, thumbnails are preferable to icons, because the 
thumbnail is the essence of the data object itself. For 
example, when the thumbnail is a depiction of an image, the 
thumbnail is the essence of the image Itself in a smaller 
size. An icon is a generic representation of a file type, in 
which case all of the same type of image would have the same 
icon. 

The outline 24 need not be provided for indicating the 
focus thumbnail 25, which is the focus of operations Induced 
by input from the user. The focus thumbnail 25 can be 
designated merely by placement in a focus region, without 
displaying the focus outline 24 Itself. 

In the embodiment, the application is launched when the 
memory card 2 is Inserted into the slot 2a. However, the 
application can be launched when the memory card 2 is 
selected based on input from the user input unit 4. 

In the embodiment, the same application is launched 
when any memory card is selected or Inserted. However, 
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cliff r nt applications can be launched depending on the data 
in the memory card or the type of memory card, or to launch 
an application only for certain memory cards. 

Although the embodiment described the system as being 
user controlled, the system could also be autonomous. For 
example, a slide show mode can be provided for randomly 
presenting thumbnails, automatically without user control. 
This is similar to a slide show program that randomly 
displays Images in a certain folder. The slide show mode can 
be initiated automatically in the manner of a screen saver 
mode after a period of in-action by the user. The user can 
easily Interrupt the screen saver mode by taking any action. 
It would also be possible for the user to directly initiate 
this slide show function. 
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What Is claim d Is: 

1. A devic for managing data objects, comprising: 
displaying means for displaying thumbnails 

representative of data objects; 

defining means for defining a focus region that 
indicates a focus thumbnail subject to processes; 

moving means for moving the displayed thumbnails along 
a predetermined path through the focus region; and 

enable /disable means for selectively enabling and 
disabling the moving means, the displaying means statically 
displaying a single thumbnail in the focus region when the 
enable/disable means disables the moving means, the 
displaying means displaying the thumbnails to move along the 
predetermined path through the focus region' when the 
enable/disable means enables the moving means. 

2. A device as claimed in claim 1, wherein the 
displaying means displays the thumbnails in partial overlap 
with sections of each thumbnail exposed, and changes 
relative position of thumbnails to change exposed sections 
of thumbnails while the enable/disable means enables the 
moving means. 

3 . A device as claimed in claim 1 , wherein the 
displaying means displays the thumbnails in partial overlap, 
and changes overlapping sections of thumbnails while the 
enable/disable means disables the moving means. 
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4 . A device as claimed In claim 1 , wherein the 
displaying m ans further displays an int rface portion with 
a plurality of indicia, and further comprising selection 
means for selecting one of the indicia of the Interface 
portion. 

5 . A device as claimed in claim 4 , wherein the indicia 
include a plurality of layout indicia each representing one 
of a plurality of layouts, the displaying means displaying 
the thumbnails in relative positions, and the moving means 
moving the ■ thumbnails along a predetermined path, in 
accordance with the layout indicium selected by the 
selection means. 

6. A device as claimed in claim 5, wherein the 
displaying means further displays file names of files 
containing the data objects of the thumbnails, the 
displaying means displaying the file names in a pattern that 
is Inverse a pattern formed by the thumbnails. 

7 . A device as claimed in claim 5 , wherein : 

the displaying means displays the selected layout 
Indicium at a present layout position to Indicate presently 
displayed layout of the thumbnails; and 

when the selection means newly selects a layout 
indicium, the displaying means displays movement of the 
newly selected layout indicium to the present layout 
position and movement of a preceding selected layout 
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indicium out of the pr sent layout position. 

8. A d vice as claimed In claim 5, wherein: 

the layout Indicia Include a line indicium; and 
when the selection means selects the line indicium, 
the displaying means displays the thumbnails in a line 
layout with the thumbnails aligned in partial overlap in a 
line . 

9. A device as claimed In claim 8, wherein the 
displaying means displays the thumbnails In the line layout 
with a reciprocal pivoting motion, the focus thumbnail 
serving as an unmoving axis of the pivoting movement. 

10. A device as. claimed in claim 5, wherein: 

the layout Indicia include a circle indicium; and 
when the selection means selects the circle Indicium, 
the displaying means displays the thumbnails In a circle 
layout with the thumbnails disposed in partial overlap in a 
circular ring. 

11. A device as claimed In claim 10, wherein, when 
number of thumbnails exceeds a predetermined number, the 
displaying means displays a portion of the thumbnails in an 
arc with a predetermined radius and the moving means 
sequentially changes displayed thumbnails while enabled. 

12. A device as claimed in claim 5, wherein: 
the layout Indicia Include a grid indicium; and 

when the selection means selects the grid indicium. 
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the displaying means displays the thumbnails in a grid 
layout with thumbnails aligned with fixed mutual positions 
in rows and columns. 

13. A device as claimed in claim 12, wherein: 

the displaying means displays the thumbnails in the 
grid layout in rows having a length that can be completely 
displayed at once; and 

when the enable/disable means enables the moving means, 
the moving means moves the thumbnails of a single column 
through the focus region. 

14. A device as claimed In claim 12, wherein the 
moving means when enabled moves the thumbnails in the grid 
layout through the focus region one row at a time in 
succession, starting from the same end of each successive 
row. 

15. A device as claimed In claim 5, wherein: 

the layout indicia include a helix indicium; and 
when the selection means selects the helix indicium, 
the displaying means displays the thumbnails In a helix 
layout that mimics a side view of a helix by displaying 
thumbnails at a far side of the helix in a smaller scale 
than thumbnails at a near side of the helix. 

16. A device as claimed in claim 15, wherein the 
displaying means displays the thumbnails in the helix layout 
to mimic a helix with a shorter radius when the 
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enable/disable means nables the moving means than when th 
enable/disable means disables the moving means. 

17. A device as claimed In claim 15, wherein the 
displaying means displays movement of the thumbnails In the 
helix layout through the focus region by displaying spiral 
movement of the helix. 

18. A device as claimed In claim 15, wherein the 
displaying means displays movement of the thumbnails in the 
helix layout through the focus region by shifting the helix 
one pitch distance to move the present focus thumbnail out 
of the focus region and to move a thumbnail of an adjacent 
ring of the helix into the focus region. 

19. A device as claimed In claim 5, wherein, when the 
selection means selects a new layout indicium that is 
different from a preceding selected layout indicium, the 
displaying means repositions the thumbnails into a new 
layout that corresponds to the new layout indicium while 
displaying the thumbnails moving toward and into positions 
of the new layout. 

20. A device as claimed in claim 4, wherein the 
indicia include a plurality of order indicia each 
representing one of a plurality of predetermined sequence 
orders, the displaying means displaying the thumbnails in an 
order represented by an order indicium selected by the 
selection means. 
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21. A device as claimed In claim 20, wh rein: 

the displaying means displays the selected order 
Indicium at a present order position to indicate present 
order of the thumbnails; and 

when the selection means newly selects an order 
indicium, the displaying means displays movement of the 
newly selected order indicium to the present order position 
and movement of a preceding selected order indicium out of 
the present order position. 

22. A device as claimed in claim 20, wherein, when the 
selection means selects a new order indicium that is 
different from a preceding selected order indicium, the 
displaying means repositions the thumbnails according a new 
order that corresponds to the new order indicium, while 
displaying movement of the thumbnails Into positions 
appropriate for the new order. 

23. A device as claimed in claim 20, wherein: 
the order indicia include a time indicium; and 

when the selection means selects the time indicium, 
the displaying means displays the thumbnails in groups 
according to when the corresponding data objects were 
produced . 

24. A device as claimed in claim 20, wherein: 
the order indicia Include a time indicium; and 

when the selection means selects the time indicium. 
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the displaying means displays the thumbnails separat d by 
distance corresponding to time between when the 
corresponding data objects were produced. 

25 . A device as claimed in claim 4 , wherein the 
indicia include a plurality of application indicia each 
representing one of a plurality of applications , and further 
comprising an application launcher that launches an 
application that corresponds to the application indicium 
selected by the selection means. 

26. A device as claimed in claim 1, further comprising 
further request means for indicating desire for further 
information on data .object that corresponds to the focus 
thumbnail, the displaying means enlarging display of the 
focus thumbnail when the further request means indicates a 
desire for further information. 

27. A device as claimed in claim 26, wherein the 
displaying means displays application indicia representing 
software applications when the further information request 
means indicates a desire for further information on the data 
object of the focus thumbnail. 

28. A device as claimed in claim 1, wherein the 
displaying means displays thumbnails of audio data objects 
for audio contents based on data of the audio data object. 

29. A device as claimed in claim 28, wherein the 
displaying means displays thumbnails of audio data objects 



47 



fflH#2 001-3012347 



#2000—121298 



according to amount of data in the audio data object, 

30. A device as claimed in claim 28 , wherein the 
displaying means displays thumbnails of audio data objects 
according to content of data in the audio data object. 

31. A device as claimed in claim 1, further 
comprising: 

retrieval means for retrieving data objects from a 
memory card; and 

recognition means for recognizing presence of a memory 
card and activating the retrieval means when a memory card 
is present. 

32. A device as claimed in claim 31, wherein the 
displaying means displays thumbnails one at a time in a 
sequence that the retrieval means retrieves the data objects 
from the memory card. 

33. A device as claimed in claim 1, further comprising 
search means for searching to find thumbnails that meet 
certain criteria, the displaying means displaying only 
thumbnails found by the search means. 

34. A device as claimed In claim 1, wherein when the 
enable/disable means enables the moving means, the moving 
means determines a target position for each thumbnail, and 
moves the thumbnails to their respective target positions in 
an easing -in movement. 

35. A device as claimed in claim 1, wherein the 
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displaying means displays the thumbnails in a line layout 
with the thumbnails align d in partial overlap in a line. 

36. A device as claimed in claim 1, wherein the 
displaying means displays the thumbnails in a circle layout 
with the thumbnails disposed in partial overlap in a 
circular ring. 

37. A device as claimed in claim 1, wherein the 
displaying means displays the thumbnails in a grid layout 
with thumbnails aligned with fixed mutual positions in rows 
and columns. 

38. A device as claimed in claim 1, wherein the 
displaying means displays the thumbnails in a helix layout 
that mimics a side view of a helix by displaying thumbnails 
at a fear side of the helix in a smaller scale than 
thumbnails at a near side of the helix. 

39. A method for managing data objects, comprising the 
steps of : 

displaying thumbnails representative of data objects; 

defining a focus region that Indicates a focus 
thumbnail subject to processes; and 

selectively displaying a single thumbnail in the focus 
region, and displaying the thumbnails moving along a 
predetermined path through the focus region. 

40. A program storage medium for storing data of a 
program indicative of a process for managing data objects. 
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the program comprising: 

a program for displaying thumbnails representative of 
data objects; 

a program for defining a focus region that Indicates a 
focus thumbnail subject to processes; and 

a program for selectively displaying a single 
thumbnail in the focus region, and displaying the thumbnails 
moving along a predetermined path through the focus region. 
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ABSTRACT 

A device for managing Image and audio files displays 
thumbnails, which are representative of the files, on a 
screen in different arrangements, depending on the selected 
layout and order. When the user enters input to indicates 
that he or she wishes to browse through the thumbnails, the 
thumbnails move across the screen in sequence, following a 
path through a focus outline in the center of the screen. 
The path followed by the thumbnails depends on the selected 
layout . 
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01, 02, 0 1 6&tJfBI 1 7 tC^£*iT^£&N~iPtf);fr[BJT\ ^HffStlT 

£fflVN£fi£3fc©:fr& *-;!/ 2 3 $r#-©ifA^-;i/|lf® 

SCtr #^©-9-A^-;Hlfffi2 1 ±T?<BtSMt'T?"&5/*z«>, T*-#;f 

7 Vol 9 h*m?mm.<D-V-<U*-Jl2 3 ©M^C^oTli, —&<Dy-<U*-jl 
2 3 .©*{Cov^-r^igS:^«J: <, 3©^T'#.MS £/§ V^S^lcit^Tfrj 
fiffi#"«v>.. J^Tlc^t"* <ke>ic, ij-A^-;i/2 3(i±T£*AC!)#i, 
□ +J-A^-;i/®®2 1 ±fX-$ >^3SS4x, -9-A*-;i/2 3 fc*ft-£ 

[0 0 16] 

fiNR*:7 2 6^B|fe»iW2 4 f*JT?^S-9"A^-;i/2 5(©Tasfc^sn*. 
mm.972 6(Zli % 7 7>fH, Htf, i^-f X&m£g-9-A#-;i/2 5 {C#fl£L 

[0 0 17] 

T, -y-A^-;i/H® 2 1 ©TSPtC^^^tl, 1/^79 h>f >^-7x-^ 2 7 21 

ay 2 7 a75rM2 7 d tf-g^StiT 33 *J , 3 *i & 14 4 o CD T ~7 h&^LTV^ 
5„ a.— *m, #!;*J4\ y-<7X£#- v;i/&d£v\ 7-f n>2 7 aM2 7 d© 

■So m&mmz tixwz vatvv zm-tr^ nyiti/j h/^^*- 

7i-^2 2©-£T*^:&gP#tC^^£*lTV^ 0 >f n > & ^ U V ***** 
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75S2 7 d©«m#JE#KA4l#Jfo&. T-f =r>2 7 a»l2 7 dtCiUa.— »f 

o 

[0 0 18] 

^T'tS. *©4^©fB#IJ£#Itt, 1 r-2ilr~fVx->? h tf);£lirj (name), 
ZfisjL? hCDJgjSCtype), 7 r>T ^©"9"^ X (size) 3tt57r>f ^/SrSHISL/ 

&H^(time)tc3S-^$S!t3tS*lS. ^>f>3f-7z-^2 8 l±lfffi©*<BITaP 
IC^^tl, 4^)©I^J(Z)^$:if 2 8 aM2 8 dt^LT^5 0 d<D 
MT-li, ^^4^TV^S@H^J^rJ$:^•t' , name"<Z)M2 8 

^"TS^fe^ U *^t«*T>fa>2 8 e y »y#1-*iw:j:v*. 
[0 0 19] 

[0 0 2 0] 

i^-A^-;i/2 3 asafc y^oTBB^j^n*. -9-a*-;i/2 3 <d -7 r >r 3 
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» ffiJi^&OR^tttf^StiS. i©J:e»lc-9-A*-;i/©»««m^»S:jlS 
A5ii, R3tt©^Stt-9-A*-/i/©Silc«t>e> < r@^i:3&S. %bifA^-;b2 

<d r an ti srn iz jg v n ^ tc & o t L/ * e> T? & 5 . 

[0 0 2 1] 

rfs^jicDH^fiS-jc^stis. ft?wy? b©— ^jicfB^j-rs-^A*-^/ 

5\gmi£'t<i:z>lZLT j y-2**~->V$:mu-t&l££^ a *^JBJCj^DT 5«cJK± 
JCSJgrrsifA*-;i/2 3©M-9--f Kttl£UTV\5#, JiT^fcJKllBS^ S-fr A 
1tA^-;i/2 3 ©TMJC^zjtStlS. ft?l/>fr9htt, tA^-jI/23» 

[0 0 2 2] 

®4 it. mmi/jry Mcj:«5-9-A*-;b2 3 #-tf-A*-;i/®M2 1 ic^t^s 

TfctK 3^7n©«Sj|JC»oTIB^IS4xfc-9-A*-;b2 3 jiTV*S«fc ^ 

tC^3tlTV%S„ HP^, BHSfe©#|&fl!ias^JC*S-9-A*-^/2 3 b ICJ£^£ £ 
«lflSlO*ffi!IJC*S-b-A*-;i/2 3 aO^^S^IM XT^StlT^*. 
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\*M-J**-JU2 3 &BB#fUfcBaM&3 5 a#M3 5c*f,T^TS^ ^*l^4x 
CDRS3 5a, 3 5 b. 3 5 c tCtifc «fc 1 0 ^©1^ A* - JV 2 3 j^fB^JS tlT 

v^. m&\s4TV h^te#HR<z>-!J-A*-/i/2 3 ocDaifcf&oTi^iijrfc*** 

[0 0 2 3] 
[0 0 2 4] 

• ^^'J-> • htf)$l&%<Z)-e& *K 37> K&A 

[0 0 2 5] 

3>tfa-^ 1 ICtt^^'j* - K2 £#A"r&£«)CD*n y h 2 a, * ^ U # 
-R>^-7i-X10, CPU11, ROM12, RAMI 3 , ^-K^-f 
^^14, rL-+f^f >^-7x-^, 1 5, t-V *:7l/>f>f — X 1 6$: 

^7h^-^>f>^-7i-7,l 7 «fc o T £ *J , 3 tl ^^T 1 6 JC 

<fcyg8ffi3*lTV*&„ i-f^>^-7i-Xl 5 tea— if Ai/=£S4 JCgiffiS 

tiTv%-5 0 ^^^w >r >#-^;n-* 1 6 it-^-f u>r 3 icg^^ti-?^ 

3„ * y h V - V 4 y * - 7 x.- X 1 lit* v h V - ? 5JCg8&3*lT^*. 
[0 0 2 6] 



1 3 
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[0 0 2 7] 

77>f^-^ 1 1 li^U ij~ K2 fc^-**-:^** h »J 
RAMI 3CD«fc^3&^ i EUK:aS*ffiLfe'5 s -*^-^2?ai^ hfegBfirrs. 
[0 0 2 8] 

^•u-hjcji, M^-r-s u>rr? hizm-t & 2-D<DMW\tf^£nx^z> a — o» 
;i/ 2 3 <D®m k m-r -5 MitfT- & & „ 

[0 0 2 9] 
[0 0 3 0] 
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[0 0 3 1 ] 

^n^5A7*-^ 1 4 tel/>f Ttf h/##I • Try? I/ — h • My * 1 5 
■VI 1 lC#gj&#, 7r^^7*-^l 1 W&misfc'r-**'?*?*? blZft 

[0 0 3 2] 

;i/2 3 SrSl^ffi"*-, l^fTV b/frW ■ T*-^ 1 2\tTJ 2 *ffiffl 

[0 0 3 3] 

hfflti5:lf^i:^T'§5 0 -^-^jiy Vy l 3 tt^ r-f 1 1 \z 

*«©^#S:*#jitf. -5 s -f X^b-f 3 fcfcW® 2 1 $riaU#X.T-9--^^#$:?i 
%L-$-Z>'r-%Jf?ViL>; b<DV2±*-)V<Dfr$:mxk-tZ> 0 ^-^-^.yVy 13li 

[0 0 3 4] 
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1 1, l/>f 7"7 h/##Jv*-^> 1 2&t>*0 6lc^L£ft£cMfgift^£?a.-;i, 

4 fr&Sfc &3W£*y h?-? 5 fr&^tf^n- KtSc S2T'(t 
77>f^7*-^ 1 l flM^y K2tc^-#;*->^x* htfgBD»3*i , r^ 
S^il'oWlffi^tSo IbL'r-**'?*?** h^IBItStlTV^tttUi (S 
2: NO), V7MiiiTf»7tS. 
[0 0 3 5] 

-7j, ^^U*- ^ZK^r-ZX-JViLV h#ffltt3*lTV**ltf (S2 : YE 
S) , S3&C£^T, 7 7>f - i/> 1 ltt^ 'J - K 2 ©f - ^^7*i? 

hfc-^lCRAM 1 3 jCflfcU&tf, S 4 t'li, 7°D 1 4 li 

^5Av^-^> 1 4 (± 1/^7*7 • h •Xhvi'l 5*^^ 

StSU^T 1 ; h/^jf^^U- h^Uffit, f©V^77 

I/- h^RAMl 2{CfB'H-r-5 0 7°D^7A7*-^> 1 4iif>7°W- h £ 7 

T-r;i/v*-^> l l ic*^&<&, f©r>7'u- Nfe ~7 t4 — s^-v l l 

[0 0 3 6] 

S 5t», 1/^77 h/j»V*-^> 1 2tfm&M1RLT^2> h H 

T -9" A * - ;i/(Z)^ & ff O a 
[0 0 3 7] 

#i?-A^-;i/2 3 B77>f;i/?^-^> 1 1 ICi: yH^fttStiSfciff^lC^a* 
±lca&»ic^3nSo EP*>, 01 nzm-* <fce>ic S^fjjcn- KStifcf-* 

tf^ic* S<Z)-9-A^-;i/2 3 c Ji®® 2 1 <3D^_fcBSlC3S^^5*l*r 3^e>W® 2 1 



1 6 
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[0 0 3 8] 

Hi 2 ic^J: -i>ic, 2#gicn- KSftfe^-**:/^:** 
2 3 d#H3*iHC®®2 1 <Z>£±PHlC*at3*u ®® 2 1 ©^{cfa^o T^gfT 
*. *30cd-9-a*-;i/2 3 ciZfr1Tfrlz&Tmiz&M?Z> a -FA*- 

;i/2 3 dffiI2 1 CDtp&lZ&m-f&t. -FA*-;i/2 3 d j^^ai^S tlT 

*flfc£ UTVN^iJ-A^-^^^-r^iitc^s,, ®i 3 tmi 4 lc^1-J:e>&c, i 
l ten- K£*i££Tm$E-f 3 0 rL-if^T©^-^^-^^^^ h#D- 
o t %» -9- a * - ;i/<z) gg k & m ft -t Z> 3 t tfi -e £ S o 

[0 0 3 9] 

v^TtBJBgtfL'* V2±*-)V<D^-jytf&&izffiM-t 

•9-A^-;i/2 3 f <D&&<DTm%&2 3 f ' , 2 3 f " tf^SHCTOiifcl^jftS 

- )\< <D * & v * iz±3 &M m mm m± iz m n z> . 

[0 0 4 0] 
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(S6) zm^zznT*. m&miRvx^z> (S7) T-zxzry*. 

il^T'tS (S 8) „ 
[0 0 4 1] 

:i-if#^A*-;i/tf)ggig£ L£V^-£(Ct£ (S 8 : YE S) , S 9 1?, 
1 4 #:x--iffr£>©BgRA;&S:Stt5lS. SlOtH 

HbitA^-;b2 3©i^?:lit5 a sunt u>f h/mw?* 

B&atl&e&JCiHI'S-.S. a.-if*«BB5IA*S:*Jh , tSi: (S 1 1 : NO) , 
[0 0 4 2] 

3.-if^^L^-9-A^-;b2 5 £^£il^bTV^-9-A*-;WC 
lf§SLT^£1fA*-;wc^;g£L£v^v^^£^&£ 0 EP13, Mt^Si^A 

1/ >T T h tf> &m&WKD X A - Xffi & T V % -5 „ 
[0 0 4 3] 

> atiffii- S*A*-;i/#lff®2 l_t©i£Blft$|S»l2 4 SrStiiibTgfEtlSi^fC-r 
tfteiWSJiTV* ^T©*A*-;i/S:— SJC^-f X?"l/>f 3 ±lzmmX 
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[0 0 4 4] 

:i-imRmWc?&oT-9-A*-;i/2 3©gg5IS:^SCli:* ? T?^S 0 to 
, -9-A^-;i/2 3©-§p^^^-S(cRWlcBB^j^$ti-5„ BB*l&f£#f?*> 

o 

[0 0 4 5] 

, Bf®2 1 <Z)ipM£|sI£;fr&£VN&/h£ S#?£^^lCt-££#>JC, 0 1 6 \Z 

\t^^<Dm^mm2 l 0>liJ:'y fc:*g<igv*T&.&. M^©J[I©-9-A^-;i/2 3 

;i/2 3A\ -lE»C&B*WPil«2 4 *m^TW>W)-tZ 0 &*<D7k^fa<D^mt, 
[0 0 4 6] 
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mmis^Tv hams. =L-*ftf7k¥-j3fas\<D*?u-)]sAj]$:-t$>}i. mm 

«-a-T=bitA^-;i/2 3 »^ stilus 2 4 ssiai/j&^&^i&'rs. m^^raj^ 
o hp*,, mm\y>(rwo>mm\*. mmmm^iM-t^ummm^n, mmm 

[0 0 4 7] 

04 [Clot, =L-*fijWlte&&W.l3\in'^<DX9 U-)\y?Z>fctbV>AJl%:-lrZ> 

±fa<Dmmtfi¥y^t£v}mm.i£irizmuy5faizi/-7h-*2>* 3 3t% m 

V?-ll\Zmm<Z>V>yffl®.MX*&2> 0 -£0*5111, Jg^(Z)^g-9-A^-;i/2 3 
S$i?Pi$§2 4^e>Ji-rn, n-;KD^ipj{cj;oT[e<^J:©U >#'frj8.<T<D 

Vy?<Dtp(D&%*g\i*'y-J**-fr2 3 tf&Bfift$|S|S2 4 \HlZ*/7 ht5„ 04 
*<aBlft»»2 4©*MWlCS/7 h U ftfcot'J>y3 5 a©1*-A*-;i/2 5" 

^B*6SPIK2 4 ftizi&&z> a z.<D £z>\zffi(DV >yA^>miti:io 
T, Flt:#Sts 1 0*fc<Z)^A*-;i/£?f§t>*jii1-r £&C&»J, fi0l/>f7^h© 

, 1 HI© S» StfOU >^JC^*ti* 1 0 4fc©-9-A*-;i/S:lifjg 2 1 ©cf» 

tc of tf&tf 

[0 0 4 8] 
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ES) , -7Utf^2±lZm8^mLfr7U-^V- h(DS 2 0 {Cjtfr. S20t1i 
[0 0 4 9] 

S2its22 iz&vz>mmtfmft £#it§t£& u>f h^*i«^ti-5^, 

l/>f 7^ h&m-tTJ 3>©Blcafe^o ^*UCJ;oTrL--!mv^l/-f7^ htf> 
[0 0 5 0] 

05*. tf. Ell iZ^-f&viZ. ^>fy VJTV hT'i^A^-;V2 3©^'a*#3*i 
tf>7-f=3> 2 7 d tD-^M/^y? hM(DT-rn>2 7 a te^tl^ft&Jjfat 
?;i/b-T7? MC&£ «fc3JC#»U EI 2 (C^ L <fc ■) &a*^JK£ 7-f 

s *i*ffi«jc a *-^/*««ffcjca!^bfc-9-- u>f 7? hTf^jean* 

[0 0 5 1] 

S2US2 2©«ta%Hff LT«ffeft^JfC^BB^jrS»^tCli, «ffe«sl/ 
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[0 0 5 2] 

V&<mv>±Z(£>y-&*-;i2 3 UHuastss. i*-A*-;i/2 3 giiW^^r 

Jfl/V&V. «y©*A*-^/ttllf«7T>f^/-e&5. type" 

sMMJc>>7 hfa. fiBff{c5 f cTO*(c^ofe^A^-;i/2 3 h%.x$v-2±*-ji 

2 3 h i:-9"A^-;i/2 3 g ©ISJC&o 2 3 i & 1 IfA* -/USSEd 

3 £ tfjfo^S J: e> fc L T a „ 
[0 0 5 3] 

^S^LT^Sf*-**-^** Mr^Bbfe^ (S 7 : YE S) iCtt,' 7° 

ny^AiiBl9 ic^Lfe^n-^-v— hos 3 o jcJitf. S3 0tit ^-jK- 
K©U A#&&tt3t3rt\ fe^VAtidp-^- KfcHflifcAASS 

S 3 1 TJrMS 3 3 <Djtm<Dl&m* Wlffl^^KJIIttH 1 9 JCaVT «fc ^ ICfcS. S 
. 3 1 Ti&, l/>f7^ h7*-i?^ 1 2#$£B(fcfPiW2 4 {c&3&Si*-A*-;i/2 
5&ffi^f4. S3 2iftt, yn ^7A7*-y^r l 4 &-tf-A*-;i/B®2 l © 
TWtCfe-S 7 1 ? h>f >^-7x-^ 2 7 y$- 7jl-* 2 8 

ICU S3 3t'(i3v>F-f>^-7i-^4 0 5:f^{:t5c n^>K-f># 
-7i-^4 OlCtiS>*<Z>ryU^r— 2/ a>j@J&M© T>f3> 4 0 a, 4 0 b, 
4 0 ctf^SftT^S. &EP4 0 d #^3*1X33 *J, n.-1f# £ (Djg 
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aBtA*--H/2 5««t-f^*7 7>f^<!>*^fCtt, ^D^7A7 

-^>14 Ji&B-9-A*-;i/2 5#38M3*lfcfc£fc:ifrili0>lS£&fT 
[0 0 5 4] 

S 3 4 75 » % ^L--»flinv> R>f-7i-^4 0 Ir^Ltl^btf-^ 

-Zit-fVx.*? h©#t3g& L&V^^C&i (S34 :NO) , S35 iCfcV^T^ 
<Z>©0>A#&Stt#ttS-- $cBJ4 0 d #7-f n>4 0 a, 4 0 b, 4 0 

r:7y4r-S/a>&jB#LTVA&v^fc©A*i:fc&. S3 6T?tt, U-f7?h 
//?#Iv*-i» l 2#if^*--;i/?$a-9-A*-;b2 5©:*£3 & 7C©/J>3 n-tf- 

[0 0 5 5] 

tLn-if^^^bfe^-^^-^^i^ h<Dti!mZft$&&K.\* (S3 
4 : YE S) , ^"n^^AliEl OtC^Lfc^n-^- h(DS 4 0 JCJitf. S 

y 4r-*/a >&jg»tsri:*«Tf§, II^>^-7i-^^ot^f-^ 
h<B!lB*S:Lfc»J, ^n-N>^-7i-^J«otffflf- 

©jBlrS:38#lLfc«£lcau S4 1lC;i3V*T. ri-if &mM(D7 7V T- V a > 

■5^ >?"S/^AiC7^-fe;*U ja^L/fcr^U^r-i/ai/SrjgSiftSo S4 3 

Tftt, 77>f^7*-i?irl 1 tfmmvfcv*- 9 v*nmhtcT-?v 
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3 >^rL-if^#ML/^=fej(Z)T^-5®^{Cli (S46:YESK S47 

6 {CM -So 

[0 0 5 6] 

[0 0 5 7] 

4Ctt, &Btt$tt§(2 4 (Z)M£-9-A*-;i/lIi®2 1 CD (f^^ L < tt* ^:#ifilC 
-tJ-A*-;t/M2 l_fcT'6 4Hf^(C^^t-<5-*^ffi$:-9-A*-;i/raggl8^-r^|g 
[0 0 5 8] 

*lTV*<5. 9>f L-£&y, L &-tf-A*-;i/©$tn i:— }M 6 

4W^&»ttfcfflC^L^ (L= 6 4 n) . 
[0 0 5 9] 

*i^>f y 1 £^-f >2_tfc&oT, 6 4B3gffi^©ffi|j|^W)ltraUTv^S. EI 
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mi] 

Line 1 y = sin(£-t)(y - c„ ) + c, 
Line 2 y = -suA)(y ~ c 0 ) + c, 
[0 0 6 0] 

, c 0 h c x 2 l ©tJoiXAj^lil-e&So 

[0 0 6 1] 

®2 o {c^L^M-eii, c 0 inzv&^-jimffiz i ©_t«^-9-A*-;v® 

®2 1 (Dtp#:$iT'(D®.M*mLT&*). c lCD^^^if 
A*-;i/pj® 2 1 ©ct»^^"e©gg||$:^L/TVNS a gf 2 0 {C^3^TV^# 0 it 

2 

[0 0 6 2] 

•v-->7ns\;4TV hmo^y-fis- biz^^xmz 1 ^tn^A^^ts 

So 

[»3] 

64n 

r = 

2rc 

[0 0 6 3] 

■fr A * - ;i/ -9- - ^ ;i/ © cfi it #c (D 5£ I c m rS V a X £ -5 0 
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[«4] 

(. X elreulel » 3* eirefel ) = ( X cmt » Ycent-r-M ) 



[0064] 

7 7 4 "9- - * Jl (D qtfo CD 5£ fC * r5 V * T M * £ . 
[«5] 



[0 0 6 5] 

So 

C»6.] 

( x u >yu ) = (^i + r sm(—i) jyeireUl + r cos(— i)) 

n n 

[0 0 6 6] 

77^f ji&v - # ;wc as ft s *i ^ti cd ^ r >f '©ffcff #c CD ^ V ^ T 

[»7] 

('ai»y2i)-('ctafa2 +rsin(— iXy.Mrt -rcos(— i)> 
[0 0 6 7] 

So 
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2jc r 
x i a x r,n, + t sin( — /) / 

cent V 9 ' 20 

r . 

y% ° y cent J 

z t = r-rcos(— ;) 
[0 0 6 8] 

^tt^So WfL\t* JVffi(Drp<D 2#@(Z)-9-A^-;i/©fefi{i, i {C 2 

&f$A*-*lfcf#*&. j tenfrfc i £3[v*fc8t, IP*,, j = i - nT'femZftZ 

[0 0 6 9] 

3 75rM0 2 5 Mb^^iB^fS. 02 3 (b) JCa*Lfc«T?tt, 4#t<Z)1J- 
A^-;i/2 3 2#M2 3 4 #9>f > W MCtEoTBBTUSftTV^. #aft 
{C^^nT^^cfc^lC, 1fA*-;i/2 3 3 7CT3Etf)£g1f A*-;i/2 
[0 0 7 0] 

fiP*>, ifA*-;i/2 3 2 IcS^mx-fcv^-ertt, 3. -if t±^-cDg<z>AiJ$:-t£o 
■t-Sh, VJTV b/mm~?*-Vv 1 02 3 (b) tC&6#b ftlC^t" 

J:?lc, &B-9-A*-;i/2 5 £ LTMS^^tcfe^ifA^ 2 3 2 b 

TtA^-;i/2 3 1 M2 3 4 ©ggfif D t $:^tl> 0 023 (a) £02 
3 (b) JC^Lfc-etl^*l©ifa{sbrtS:Jt«iE'rSfc*3*>S <fc ? (C, -tf- A * - ;b 2 3 
1 M2 3 4 ©«ffcfcK3£ LfcB«l&«D . liJg^figS i fcliMfcoTV^S. 

02 3 (a) £02 3 (b) lC^Lfc**l^*l©#c|*&Jt«jrr*i:;fo 
fr£ J: 5 IC, U-f 7? 1 2 fC+J-A* 2 3 tf>^^£ 
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^Jg-t&o -£<«;ete\ EI 2 3 (a) £:Ef23 (b) (DW d W&Jfc8N-«5 £ t>fr 
Z> J:e»lC, -9-A^-;i/2 3 1 73^2 3 4ffl@«D £ *^^£fifi S A tC— ifc^ 

[0 0 7 1] 

«f#JC^frSti*. Hffitt, 1 ©late 3 0 00— £l$iaiai»T?;5g»r3*i*. «*J 
ICS 5 OtCfcV^, t£ g -9- A * 2 5 ZL—tffr <DX±\Z «fc U tlS- & 
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